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Legionella pneumophila is an accidental human pathogen associated with aerosol formation in water-related sources. High re-
combination rates make Legionella populations genetically diverse, and nearly 2,000 different sequence types (STs) have been
described to date for this environmental pathogen. The spatial distribution of STs is extremely heterogeneous, with some vari-
ants being present worldwide and others being detected at only a local scale. Similarly, some STs have been associated with dis-
ease outbreaks, such as ST578 or ST23. Spain is among the European countries with the highest incidences of reported legionel-
losis cases, and specifically, Comunitat Valenciana (CV) is the second most affected area in the country. In this work, we aimed at
studying the overall diversity of Legionella pneumophila populations found in the period from 1998 to 2013 in 79 localities en-
compassing 23 regions within CV. To do so, we performed sequence-based typing (SBT) on 1,088 L. pneumophila strains de-
tected in the area from both environmental and clinical sources. A comparison with the genetic structuring detected in a global
data set that included 20 European and 7 non-European countries was performed. Our results reveal a level of diversity in CV
that can be considered representative of the diversity found in other countries worldwide.

The main reservoirs of Legionella pneumophila in natural habi-
tats are water-related environments, where it is known to form

biofilms in surface interphases (1). L. pneumophila can multiply
actively within these complex structures (2), disperse through
the water flow, and colonize different urban water distribution
systems and risk facilities, such as cooling towers (3). Aerosols
loaded with a sufficient amount of this bacterium contribute to
its dispersal (4), and when inhaled by humans, it can produce
an opportunistic pneumonia known as Legionnaires’ disease
(LD) (5). No person-to-person transmission has been reported
for Legionella, so it is commonly considered a strictly environ-
mental pathogen (4).

Different molecular markers have been used to characterize
Legionella populations in previous genetic studies (6), but se-
quence-based typing (SBT) has become the current gold-standard
typing tool (7, 8). Apart from its utility in epidemiological inves-
tigations of LD outbreaks (9–11), SBT provides nucleotide se-
quence data that can be used for further analyses of genetic vari-
ability and population structure (12, 13). A recent study has
shown that even though undetected genomic variability within
sequence types (ST) could mislead the identification of Legionella
reservoirs during outbreak investigations, genetic distances deter-
mined by using SBT data correlate significantly with genome-wide
estimates (14).

Characterizing the distribution of different STs across space
and time is essential for a better understanding of dispersal pat-
terns of environment-associated bacteria. This is particularly true
for L. pneumophila, which is generally considered an accidental
pathogen (15). Our team has been analyzing most of the strains
detected during outbreak investigations and surveillance pro-
grams in the Comunitat Valenciana (CV) region for �15 years.

During the period from 1999 to 2011, CV and Cataluña repre-
sented over three-quarters of the total legionellosis outbreaks re-
ported in Spain, with 124 and 331 registered episodes, respectively
(16). Despite being the second most important Spanish region in
the number of reported LD cases, Legionella populations in the CV
region are still poorly characterized. An initial report using only
three loci from the SBT scheme to genotype a few isolates from the
Alicante province (within the CV region) already revealed a large
variability within this area (12), comparable to that found in Eu-
rope.

In this work, we present an extensive survey of the genetic
variability and population structure of L. pneumophila strains, in-
cluding �1,000 isolates sampled throughout the whole CV region
during the 1998-2013 period. In addition, we compared the
genetic diversity detected in CV with data in the Legionella
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pneumophila sequence-based typing database (http://www
.hpa-bioinformatics .org .uk/ legionel la/ legionel la_sbt
/php/sbt_homepage.php), which includes strains from 20 Euro-
pean and 7 non-European countries. Our objective is to provide a
more thorough view of the genetic diversity of this opportunistic
pathogen at different geographic scales, which can be used for
epidemiological analyses in the area in subsequent years.

MATERIALS AND METHODS
Strain collection and processing. A total of 1,088 clinical and environ-
mental samples were collected across the CV region during the period
from 1998 to 2013 (see Table S1 in the supplemental material). Specifi-
cally, 398 samples were of clinical origin (sputum samples, bronchoalveo-
lar aspirates, or L. pneumophila isolates), and 690 were from environmen-
tal sources (see Table S1 in the supplemental material), mainly isolates
from water. Samples were obtained during routine surveillance programs
for Legionella control as well as outbreak investigations in 97 different
localities spanning 24 regions (see Fig. S1 and Table S2 in the supplemen-
tal material). All the samples were referred to our laboratory for Legionella
detection and genetic characterization. Cultures were stored at 4°C for
transportation and until being processed in our laboratory, whereas the
noncultured samples were stored and kept at �20°C until they were re-
ceived and processed for DNA extraction.

DNA was extracted from pure cultures by suspending bacterial bio-
mass in water and applying a thermal shock protocol, as described previ-
ously (17). Briefly, colonies were suspended in 200 ml of 20% Chelex 100
resin (Bio-Rad Laboratories, Richmond, CA). DNA was then extracted by
three freeze-thaw cycles (4°C for 5 min and 99°C for 5 min), and cellular
debris was removed by pelleting at maximum speed for 1 min. Sputum
samples and similar samples were treated with an UltraClean BloodSpin
DNA isolation kit according to the manufacturer’s instructions to extract
total DNA. Quantity and purity of the nucleic acids were measured by
spectrophotometry at 260 nm in triplicates by determining the A260/A280

ratio using a NanoDrop 1000 instrument (Thermo Scientific), and DNA
was stored at �20°C until use.

Sequence-based typing. The seven loci of the SBT scheme for L. pneu-
mophila (fliC, pilE, asd, mip, mompS, proA, and neuA) (7, 8, 18) were
amplified by using standard PCR. Primers, mixture, amplification, and
sequencing conditions were described previously (17). A seminested PCR
was subsequently applied to the sputum samples and similar samples as
described previously by Coscollá and González-Candelas (19). Consensus
sequences were retrieved for the amplified loci in all the samples by using
forward and reverse chromatograms with the Staden package (20). The
corresponding allele for each sequence was assigned based on compari-
sons with the Legionella SBT database.

SBT clustering and phylogenetic reconstruction. Isolates with com-
plete allelic profiles (n � 643) were used for clustering of the different
patterns into groups of single-locus variants (SLVs) by using the goe-
BURST full MST (minimum-spanning tree) algorithm in PHYLOViZ
v1.1 (21). Strains from CV with at least four successfully genotyped loci
(n � 778) were used for phylogenetic inference. Sequences for the SBT
loci were concatenated for each isolate by using R (22). Missing loci were
replaced by gaps. Maximum likelihood (ML) phylogenetic reconstruction
was performed over the concatenated alignment with RAxML v7.2.8 (23),
using the GTRGAMMA model of nucleotide substitution and 1,000 boot-
strap replicates. The Interactive Tree of Life (iTOL) (24) utility was used to
visualize and collapse the resulting phylogenetic tree.

We have previously shown that genetic variability in the genome of L.
pneumophila strains is derived from recombination rather than substitu-
tion processes (14). This frequent exchange or acquisition of genetic ma-
terial makes the actual relationships among strains better represented by a
network than by a bifurcating tree. Therefore, the concatenated SBT hap-
lotype sequences of the CV strains were used to build a median-joining
network by using Network v4.613 with an epsilon value of 10 (25).

The allelic profile of the SBT scheme was downloaded for the 1,709

different sequence types available in the European Study Group for Le-
gionella Infections (ESGLI) database at the time of starting this work
(February 2014; 6,478 entries). An alignment of the seven loci for each ST
was retrieved by extracting and concatenating the different alleles with R
(22). The multiple-sequence alignment of the ESGLI data set was also used
for ML phylogenetic reconstruction, as described above for CV data.

Analysis of diversity and population structure. Estimates of the nu-
cleotide divergence between L. pneumophila populations in the two dif-
ferent data sets (CV and ESGLI) were obtained by using DnaSP v5.10.01
(26). The data from the ESGLI database were divided into those from
European and those from non-European countries, as they are not equally
represented in the database. The Ewens-Watterson test was performed by
using Arlequin v3.5.1.2 (27) for the different localities and regions in CV
as well as the different years of isolation. This test was applied to test
whether the haplotype frequencies significantly deviated from the ex-
pected values under neutrality. Arlequin was also used for testing the
partitioning of the genetic variation within and among localities and areas
in the CV data set (643 isolates from 79 localities over 23 areas) as well as
different regions within countries in the ESGLI data sets (2,905 samples
from 171 regions over 20 European countries and 612 samples from 86
regions over 7 non-European countries) by using analysis of molecular
variance (AMOVA). Non-European countries were Australia, the United
States, Canada, Japan, Russia, China, and South Africa. Travel-associated
cases were not considered. Bayesian modeling (BAPS software [28]) was
applied in order to cluster the different STs into 15 groups (29). The
resulting tree and BAPS clusters were visualized with iTOL (24).

Two factors were used as metadata to analyze the population structure
of L. pneumophila isolates in Comunitat Valenciana: year of isolation and
geographic region. xAMOVA (Daniel Wilson, unpublished data [http:
//www.danielwilson.me.uk/xAMOVA.html]) was performed in order to
estimate the component of variance explained by each factor (two-way
AMOVA). This is an extension of the original AMOVA (30) that considers
the simultaneous effect of two variables on the overall variance. Statistical
significance was estimated by using 10,000 permutations. Waves of the
most common sequence types along the different years were studied by
using R (22).

RESULTS
L. pneumophila diversity in the Comunitat Valenciana region.
A total of 1,088 samples were recovered from 24 different areas
across CV and used for Legionella detection and additional SBT
analysis in the period between 1998 and 2013 (see Tables S1 and S2
in the supplemental material). At least one locus could be ampli-
fied from 888 (74.5%) samples, 220 of clinical origin and 668 from
environmental sources. Of the 490 isolates with a known sero-
group (3 clinical and 487 environmental), 73.8% (n � 362) were
of serogroup 1 (3 clinical and 359 environmental), known to be
responsible for most of the clinical cases throughout the world (4).
Of the 1,088 isolates, 643 could be successfully assigned to a spe-
cific ST (see Tables S1 and S2 in the supplemental material), and
up to 778 had at least four loci sequenced and were used for further
phylogenetic analyses.

From a total of 102 different STs found in the completely char-
acterized CV data set (n � 643), 54 (52.9%) were found at least
twice, and the rest were singletons (Fig. 1). About 55% of the
strains belonged to only 9 STs. In particular, the most frequently
isolated sequence type was ST1 (n � 203), followed by ST578 (n �
65), ST181 (n � 49), ST42 (n � 28), ST23 (n � 28), ST1358 (n �
21), ST2 (n � 13), ST269 (n � 11), and ST37 (n � 10). These STs
were found spread all over the global phylogenetic tree, showing
the high diversity of the L. pneumophila populations in CV (Fig.
2). Twenty-two different STs were found in clinical samples, rep-
resenting only a subgroup of the overall environmental variability.
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Twelve of these STs were also found in the environment (ST1,
ST20, ST23, ST37, ST42, ST75, ST181, ST367, ST448, ST578,
ST637, and ST1012). For the 10 STs found only in patients, we
only had one or two isolates, except for ST1394 (n � 5). A median-
joining network analysis (see Fig. S2 in the supplemental material)
revealed the complex relationships between the different STs and
suggested the existence of much more environmental variability
than the one represented in our data set.

Using the SBT allelic profiles, we detected 15 complexes of
single-locus variants (SLVs) derived from a specific ST that could
have acted as a founder for each of the complexes (Fig. 3). The
different SLVs could have been formed either by the accumulation
of polymorphisms in one of the loci involved in the SBT scheme or
by their involvement in recombination events.

Geographical and temporal structure. Samples with a com-
plete ST were obtained from 23 different regions in CV. Several
STs showed a wide distribution across these sampling regions (Fig.
3), with ST1 being the most widespread profile (18/23 regions),
followed by ST181 (9/23 regions) and ST42 (8/23 regions). Nev-
ertheless, ST578 was found mainly in the locality of Alcoy, where it
is known to be endemic (31), and other SLVs such as ST51 or
ST637 were also found exclusively in the same area. ST1 was found
in 41 different localities from 18 regions, whereas 73 STs were
found exclusively in different localities spread over 36 regions.
Forty-eight of these STs were detected only once (singletons). The
Ewens-Watterson test was performed over the 23 different regions
and 79 localities and revealed that the observed haplotype fre-
quencies in the different locations did not deviate significantly
from the expected values under neutrality (P value of �0.05).

A temporal overview of the frequency of each ST per year re-
vealed waves of STs arising in the area (Fig. 4), with ST1 being
dominant in most years. The number of ST1 strains detected in
the 16-year period analyzed correlated with the diversity of hap-
lotypes found per year (Pearson’s r � 0.8644; P � 1.57E�05) (see
Fig. S3 in the supplemental material). Nevertheless, the years 2006
and 2009 were found to deviate from this linear relationship,
mainly because of the outburst of ST181 in 2006, affecting four

different localities, and ST578 and ST42 in 2009, affecting one
locality each (see Fig. S3 in the supplemental material). The ST578
peak in 2009 corresponded to an outbreak in the locality of Alcoy
in 2009 (9). No further conclusion can be made from these results
because of the implicit bias in the data set under study, which is
dependent on the different sampling efforts made at specific
points due to outbreaks or sporadic cases.

To study the contribution of year and geographical region of
isolation to the distribution of the genetic variability of L. pneu-
mophila in CV, we performed a two-way AMOVA (Table 1). The
results showed that 33.2% of the total variance could be explained
by the geographic distribution (P value of �0.0001) and that
24.6% of the variance could be explained by differences in the
population structure by year (P value of �0.0001).

Analysis of local versus global variability. To better evaluate
the levels of genetic diversity of L. pneumophila in CV, we com-
pared the results from our data set with the global variability re-
ported in the ESGLI database. Sequences from the seven loci of
one representative of each of the 1,709 STs included in the ESGLI
database were concatenated, and a ML tree was inferred (see Fig.
S4 in the supplemental material). Concatenated sequences were
clustered into 15 groups by using BAPS, and the results were in-
corporated into the phylogenetic tree. Approximately 20% of the
profiles (n � 339) could not be assigned to specific clusters and
were considered to result from admixture. Cluster 8 was the group
including more profiles (n � 413; 24% of the total number of STs
in the ESGLI data set).

Isolates from CV were present in 12 of the 15 BAPS clusters,
although clinical strains spanned only 6 of them (see Fig. S4 and
Table S3 in the supplemental material). Cluster 8 was also the
most frequent cluster in CV (n � 30; 29%), containing two of the
most often detected STs (ST2 and ST578), followed by clusters 11
and 12, with 24% and 13% of the CV STs, respectively (see Fig. S4
in the supplemental material). The other six most frequently re-
ported STs clustered into five different groups, and ST269 was
found as a mixed profile (see Table S3 in the supplemental mate-
rial). Interestingly, one of the largest clusters in the ESGLI data set

FIG 1 Bar chart representing the number of strains of clinical or environmental origin of each ST detected in CV during the period from 1998 to 2013. STs with
fewer than five strains are grouped as “Other.”
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(cluster 3; 110 different STs) is scarcely represented in Comunitat
Valenciana, with only one ST being detected in the entire region
(see Table S3 in the supplemental material). In general, the num-
ber of STs by cluster in the ESGLI data set correlated significantly
with the number of STs by cluster in the local CV data set (Pear-
son’s r � 0.80; P value of �0.001).

An AMOVA using the nucleotide sequences from the SBT
scheme was performed with the three data sets (CV as well as

European and non-European countries from the ESGLI data sets).
In the ESGLI data sets, different regions were grouped by country,
while in the CV data set, different localities were grouped by area.
In both cases, the highest proportion of variation was found
within populations rather than among populations within groups
or among groups (see Table S4 in the supplemental material).
However, the distribution of variation differed between the two
data sets: the ESGLI data set showed a lower proportion of varia-

FIG 2 Maximum likelihood phylogenetic tree of the 778 L. pneumophila strains from CV with at least 4 SBT loci sequenced. Clades with more than one strain
of the same ST have been collapsed (see the key for color differentiation of collapsed clades according to the number of samples of each ST). Shaded clades (C1
and C2, etc.) represent the different BAPS clusters, as estimated from the ESGLI data set. Yellow diamonds mark STs that have been detected in clinical cases of
Legionnaires’ disease. Bootstrap support values higher than 80% are shown.
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tion among regions within countries (8.52% and 8.69% of vari-
ance for European and non-European countries, respectively)
than among localities within areas in the CV data set (43.79% of
variance). In addition, a higher proportion of the total variation
was found within populations in the global data set (83.20% and
88.27% for European and non-European countries, respectively)
than in CV (58.06%), reflecting the higher diversity within the first
data set (see Table S4 in the supplemental material). In both cases,
the highest proportion of the total variation was found within the
smaller areas considered (regions within countries and localities
within areas), meaning that the diversity of L. pneumophila found
in CV is comparable to the diversity in other locations.

Genetic differentiation was assessed through the estimation of
DNA divergence corrected by using the Jukes-Cantor model of
nucleotide substitution. The average number of nucleotide sub-
stitutions per site between both the ESGLI and CV data sets was
estimated as a Dxy(JC) value of 0.0206 � 0.0005 (European coun-
tries) or a Dxy(JC) value of 0.0235 � 0.0007 (non-European
countries), and the number of net nucleotide substitutions per
site between populations was estimated as a Da(JC) value of
0.00028 � 0.0003 (European countries) or a Da(JC) value of
0.0006 � 0.0007 (non-European countries). The intrapopulation
nucleotide diversity estimates were comparable for all data sets

[Pi(JC, ESGLI-European) � 0.0205 � 0.0004; Pi(JC, ESGLI-non-
European) � 0.0254 � 0.0007; Pi(JC, CV) � 0.0204 � 0.0009].
The average numbers of nucleotide differences, k, between the
ESGLI and CV data sets were estimated to be 50.52 and 57.25
(European and non-European countries, respectively), also simi-
lar to the intrapopulation estimates [k(ESGLI-European) �
49.94; k(ESGLI-non-European) � 61.81; k(CV) � 49.69]. These
results further confirm that the high variability found in Comu-
nitat Valenciana is comparable to the overall variability found in
other areas worldwide.

DISCUSSION

The genetic variability of L. pneumophila has been assessed for
countries such as the United Kingdom, Belgium, Portugal, and
Italy (32–35), but there is no similar information available for
Spain, despite it being significantly affected by this opportunistic
pathogen. Spain is known to be one of the countries with the
highest number of reported cases of Legionnaires’ disease (36),
and Comunitat Valenciana is the region with the second most
reported cases in the country.

In a previous work, we described the variability of L. pneumo-
phila in the Alicante province (south of CV) during 3 years, al-
though only three of the current seven loci included in the SBT

FIG 3 Minimum-spanning tree obtained with PHYLOViZ for the SBT profiles of 643 L. pneumophila strains. Clusters of SLVs are shaded. Pie charts represent
the 102 different STs in CV, with the size being proportional to haplotype frequencies, and the different colors refer to the 23 different areas under study in the
CV region (see the key). Numbers on branches represent the number of loci different from that for the founder ST. For SLVs, the name of the changing locus is
represented.
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scheme were available at that time (12). Here, we have analyzed all
the clinical and environmental strains that have been typed in our
laboratory between 1998 and 2013. It is important to take into
account that as the samples were obtained mainly during investi-
gations of outbreaks and sporadic cases, there might be some bias
for specific locations where these cases have occurred and where
control measures have been applied in a more intense manner.
However, yearly data from routine environmental surveillance
programs applied over risk installations in the whole area are also
included, thus balancing the possible sampling bias.

L. pneumophila is a strictly environmental pathogen, and hu-
man infection is considered accidental (15). As such, controlling
this bacterium in the environment is the key point for controlling
associated human infections. CV has a high rate of reported cases
of legionellosis, and little is known about the population structure
of this bacterium in the environment. Our results show that of the
643 samples fully typed in CV during 16 years, there is a high
diversity of STs, with 102 different profiles being detected in this
region. ST1 was the most frequently found ST in environmental
samples, with 203/643 (31.6%) strains having this genetic profile,
in agreement with data from previous reports from other areas
(35, 37, 38). ST578 was found to be the second most frequently
reported type (65/643; 10.1%), due mainly to the recurrent out-
breaks that this ST has caused over the years in the locality of Alcoy
(14). Only a subset of all CV STs was found in clinical cases, a
result that has also been reported in other studies. For example, in

a surveillance work that used 443 clinical and environmental iso-
lates from England and Wales (38), 82 different STs were detected
among environmental strains, and only 42 different STs were de-
tected in clinical isolates.

A median-joining network created by using the SBT sequence
data on the CV isolates showed a complex relationship between
different STs. This complexity depicts the high rate of genetic ex-
change among L. pneumophila strains (13, 14). Many nodes that
represent undetected genetic profiles and whose existence is pos-
tulated in order to explain the observed relationships between the
STs in the network are predicted. These unobserved profiles could
be STs that have rarely caused a clinical case, are present in a very
low abundance in the environment, or are uncultivable. In fact,
environmental screening of water and biofilm samples using di-
rect molecular methods has revealed the presence of mixed genetic
profiles in samples resulting from the high underlying diversity
present in the area (31). Besides, looking at the combination of
alleles of the SBT loci, we can identify 15 complexes among the 102
STs, most of them formed by an ST that acts as a founder and SLVs
that could result from intergenic recombination events from the
former one.

Other surveillance works have reported that, apart from the
widely distributed ST1, particular STs might be more common in
specific locations, such as ST47 in the United Kingdom and Bel-
gium (33, 38) or ST23 in Italy (35). However, these STs can also be
found sporadically in other places, showing the important spread-

FIG 4 L. pneumophila STs detected in the period from 1998 to 2013 in CV, represented as numbers of strains per year. Only the eight most abundant STs that
appear for more than 1 year are shown.

TABLE 1 Two-way AMOVAa

Factor df Seq SS Adj SS MS F Variance % variance P value

Region 22 3,835.2 5,434.1 247.00 17.615 10.99 33.15 �0.001
Yr 16 3,644.5 3,644.5 227.78 16.244 8.15 24.58 �0.001
Others 604 8,469.6 8,469.6 14.02 14.02 42.27
a The effect of geographical and temporal structuring on the genetic variability of L. pneumophila samples from Comunitat Valenciana in the 1998-2013 period was evaluated. df,
degree of freedom; Seq SS, sequential sum of square deviations for each factor; Adj SS, adjusted sum of square deviations for each factor; MS, mean square deviation (Adj SS/df); F,
F statistic representing the ratio between each factor (region/year) and other factors.
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ing potential of this environmental pathogen. For instance, ST23
was found to cause an important outbreak in a hotel in the coastal
city of Calpe (Alicante, Spain) in 2012 (39). Our analyses show
that �50% of the observed variability can result from geographi-
cal (33.2%) or temporal (24.6%) structuring (Table 1). Although
29 STs were found in more than one locality, the majority of pro-
files (73 STs, considering the 48 singletons) were found exclusively
in specific localities spanning 23 different regions of CV. However,
no significant deviation from the expected haplotype diversity was
found in the different localities and regions. The same result was
obtained for samples taken in different years. Temporal structur-
ing was found in the shape of waves of STs bursting in specific
years, such as ST181 in 2006 or ST578 in 2009. Nevertheless, this
result can be affected by the above-mentioned sampling bias, be-
cause the high numbers of these STs are dependent on the sam-
pling effort in these particular years due to outbreaks. ST181 was
found in four different localities in 2006, so we can say more con-
fidently that there was an outburst of this ST in the area. All the
ST578 cases in 2009 corresponded to a specific outbreak that oc-
curred at that time in the locality of Alcoy (9).

The comparison between the local (CV) and global (ESGLI)
diversity of L. pneumophila revealed large similarities and little
genetic differentiation between the two data sets. For instance, we
mapped the different STs found in CV onto the global tree (see
Fig. S4 in the supplemental material) and found environmental
representatives from CV for 12 out of 15 clusters. STs found in
clinical cases were included in only 6 of these clusters. In general,
a good correlation was found between the numbers of STs from
each data set in each cluster. An analysis of variance over the global
data set, encompassing 171 regions in 20 European countries and
86 regions in 7 non-European countries, showed that most of the
variability was found within the different populations, meaning
that there is a high diversity of L. pneumophila in most of the
locations included in the test. A comparable result was obtained
for 79 localities spanning 23 areas in CV. These results support a
previous observation that �80% of the total genetic variability in
a specific area within CV could be attributed to intrapopulation
differences (12). The level of nucleotide differentiation between
the two data sets is similar to the level of genetic diversity within
each data set. These results indicate that two strains from the same
data set are almost as likely to be as different as any two other
strains from different data sets each. Furthermore, these high lev-
els of variability are found mostly at the smallest geographic scales
tested in each data set and in many different places. Interestingly,
this variability is due mainly to variants isolated only once, which
might imply that even a higher diversity from undetected or un-
cultivable environmental strains remains yet undiscovered.

Probably, the main weakness of this work derives from the
sampling design. We have combined clinical and environmental
samples in the same analysis, which can be justified by the dead-
end nature of Legionella infection in humans. In consequence, a
clinical isolate was also an environmental sample a short time
before it infected a person, and in this respect, both clinical and
environmental samples are representative of the total Legionella
population in an area. However, the sampling efforts are very
different in areas with high incidences of legionellosis outbreaks
and community cases, such as Comunitat Valenciana, because
most samplings are driven by investigations of these cases. In this
particular study, we have collaborated with public health author-
ities to include environmental samples from routine, non-out-

break-related surveillance analyses, thus widening the opportuni-
ties for analyzing the environmental variability of L. pneumophila
in this area. However, similar efforts are not common, and the
information being deposited in public databases such as the
ESGLI database is still dependent on analyses of clinical isolates
and the occasional environmental samples retrieved during inves-
tigations of corresponding outbreaks or community cases.

In conclusion, we have characterized the genetic diversity of
clinical and environmental samples of Legionella pneumophila
from the Comunitat Valenciana region in Spain from 1998 to
2013, and we have compared it with the overall variability re-
ported in the ESGLI database (including mainly samples from
European countries). Although some STs have been found in spe-
cific localities, the most abundant STs can be found repeatedly in
different countries. The high genetic variability detected can be
created through the exchange of genetic material between strains
that can spread to other locations. L. pneumophila is thought to be
a recent pathogen for humans, dispersing through aerosols and
for which no person-to-person transmission has been reported,
facts that contrast with the wide distribution of this pathogen.
Genomic and metagenomic analyses will be crucial to evaluate the
fitness of different lineages under distinct environmental condi-
tions, and more intense sampling projects are likely to find addi-
tional reservoirs that explain the as-yet-undetected genetic diver-
sity of this bacterium. Furthermore, this information will be
crucial to elucidate the main factors responsible for the observed
global distribution of some STs and the adaptive or accidental
nature of the minority variants found at local scales.
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